passages through the wave band suggests that the waves sometimes exist in layers that extend over at least 15 ø of latitude. The generation mechanism for these waves is unknown, but we suspect that it involves the steep density gradient that separates the main nightside ionosphere from the tenuous, and probably rapidly flowing plasma above.
Introduction
During the final month or so of its lifetime, the Pioneer Venus Orbiter (PVO) used its remaining fuel to make a unique series of very low altitude excursions into the nightside ionosphere of Venus. The resulting in situ measurements were especially valuable for two reasons. First, the measurements extended to much lower altitudes than were achieved during the low altitude operations in 1979 and 1980 when PVO last operated deep in the ionosphere. Second, the level of solar activity was much lower during the entry period (F10.7 cm index--120) than during the 1979-80 period (=220) when such low altitude measurements were last possible. The examination of data from these two periods has allowed the ionospheric response to solar activity to be assessed (Theis and Brace, 1993 ). The present work takes advantage of the lower periapsis altitudes during the entry period to investigate the characteristics and morphology of kilometer-sized waves in Copyright 1993 by the American Geophysical Union.
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0094-8534/93/93 GL-02240503.00 electron and ion density (Ne and Ni) in the nightside ionosphere. These waves appear in the Orbiter Electron Temperature Probe (OETP) measurements. An initial investigation of these waves was presented by Brace (1993) . Note that Grebowsky et al. (1991) employed OETP voltampere curves taken earlier in the mission to study nightside density irregularities which are generally less wave-like and extend to much higher altitudes.
The Method
The method employed two independent Langmuir probes (radial and axial) whose potentials were swept repeatedly at a rate of 2/s to generate volt-ampere characteristics. Details of the method are discussed by Krehbiel, et al. (1980) , and the measurements have been used extensively to investigate the Venus ionosphere (eg. Theis et al., 1984 . Telemetry rate limitations permitted curves to be retrieved at intervals of only 16 s or 32 s, which corresponded to distances along the orbit of 160 km and 320 km, respectively. However, each retrieved curve was sampled at 10 ms intervals, thus providing a spatial resolution of about 100 m along the trajectory. These curves are of particular interest here because they provided the 500 ms snapshots of wave trains which are the topic of this study.
To illustrate the method and some of the wave signatures, Figure 1 shows individual radial probe curves taken near periapsis during 4 different orbits during the PVO entry period. The curve at the top exhibited no density structure and is typical of the vast majority of curves taken in the Venus ionosphere, while the others are examples of the kilometersized waves. Wavelengths of the order of 1 km and peak-topeak amplitudes of 30% to 50% are evident.
The volt-ampere curves are generated by sweeping the probe potential from negative to positive, so the ion saturation region is at the left and the electron saturation region is at the right. The ion current is proportional to Ni and the electron current is proportional to Ne. waves occurred in a band between 140 and 160 km, perhaps with a tendency to rise slightly near dawn. We will call this altitude range the wave band. The earlier orbits in Figure 2 traversed the dawn-to-midnight sector at slightly higher altitudes, but no wave-like signatures were observed. To facilitate later comparisons with other types of PVO measurements, Table 1 lists the universal times, altitudes of these 32 wave events.
A common feature of the waves is that they occur just above the ionospheric peak. This is illustrated in Figure 3 waves were observed. They all occurred at the high density end (low altitude end) of the Ne gradient. Note in these profiles that the overlying nightside ionosphere at the time of entry also contained much larger scale structure, but we have not attempted to correlate wave occurrence with the existence of this large scale structure.
Discussion
It is interesting that the detection of such small-scale ionospheric features was entirely serendipitous. Their measurement was possible only because occasional snapshots were being taken of individual curves in order not to rely totally on the onboard curve processing circuitry that was included in the OETP electronics to derive Ne and Te from volt-ampere curves that could not be recovered owing to low data rates (Krehbiel, et al., 1980) . Apparently no other PVO instrument has sufficient spatial resolution to resolve these density waves, although the plasma wave instrument (OEFD) may be able to detect associated electric fields if their harmonics extend into its 100 Hz channel (Scarf et al., 1980 ). An initial comparison of these two data sets does not show a promising correlation between density wave events and plasma wave activity (Brace, 1993 ). This does not preclude the existence of such a correlation, however. The density waves can only be detected intermittently, while the plasma wave activity is measured continuously.
The large spacing between volt-ampere curves will make it difficult to fully determine the morphology of the waves, however these 32 wave events provide useful insights. Several important characteristics of the waves are evident in Figures 1 and 2 . The wave lengths were of the order of 1 kilometer and their amplitudes range from 5 to 50%. The wave events all occurred in the nightside ionosphere at local times between 0100 and 0400 hrs, and primarily within a narrow altitude band between 140 and 160 kin. Since periapsis did not reach these altitudes until after midnight, the full local time extent of the waves cannot be determined, but we see no reason to expect them to only on the dawn side of midnight. The dusk side was sampled only at altitudes above 160 km, and no waves were observed.
A more complete determination of the wave morphology is hampered by the fact that the encounter probability is a function of the periapsis altitude. When periapsis was at the bottom of the wave band (~140 km) the probability of wave encounters was increased because PVO spent more time in the band during such passages. Conversely, wave encounters were less likely when periapsis occurred higher in the band. And when periapsis was well below the wave band, the spacecraft traversed the band more quickly, thus providing a smaller probability of detection. In the latter situation, only one or two waves might be detected within the entire band even if they had actually filled it.
Closer examination of the data surrounding the wave events of Figure 2 suggests that the waves do not fill the entire wave band. If they did, one would expect to see them on 2 or 3 consecutive curves taken during a single transit of the band, but these are the exception. Many of the orbits found no waves, but this does not exclude their presence in small packets or narrow altitude slices that could easily have been missed by the !6 or 32 second gaps between curves. These results imply that waves either occur sporadically within the wave band, or that they exist over limited horizontal distances within the band. In either case, the intermittent sampling would miss the vast majority of the waves.
A few orbits which had exceptionally low periapsis 
